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Tevatron is running well:
® ~6.5 fb! delivered, ~5.5 fb-ton tape
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Why study B hadrons?

From Hy‘:ﬂgong_]]en Heavy-Light
hydrogen atom _
‘0 d : meson
B hadron e ~— @ qq : baryon
spectroscopy

e Heavy quark hadrons are the hydrogen atom of QCD
=> study of B hadron states = study of (non-perturbative) QCD

e Study of CKM mechanism provide precision tests of SM
=> Search for physics beyond SM through loop processes

Tevatron: pp — bbX (all B hadrons produced)

BY = |bd), B =|ba) AY=|bdu), =; =|bdd)
B2 = |b5), BT =|bé) = = |bds), Q = |bss)
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B.° Meson Physics
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Neutral B.? System

B.? System: 2 flavour eigenstates: Bg = |bs) & Bg = |bs)

Time evolution of states governed by Schrodinger equation:
2 (B30 _ |[ Mo Mz} _* [ To Tzl [ By(t))

‘at\BY(t)) = | My My | T2 \Tf, To ) [ BO))

mass matrix decay matrix
Mass eigenstates are admixture of B.? flavour eigenstates:
H 0 0 L 0 0 a_ VipVis
|B,") =p|B;) —alB;)  |By) =pl|By) +q|B,) = Vv

where Am_ =m_,-m, ~2|M,,| Oscillations between B? & B?
Al =T -T,~2|l,,| cos(p,) Lifetime/width difference
Q.=arg(-M,/I";,) CP phase

Assume no CP violation (¢,°M~ 0.004) => mass eigenstate = CP eigenstate

=> [ ~CPeven (shortlived) & I',~CP odd (long lived)
Experimental observables describing system:

my m =>Amg, ,=(M+r)/2=11, , Al g, @
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CP Violation in B°-> 3/ @ BY — J/p o P g
p

e Status of analyses: B . K-
- DO: Result with 2.8 fb! published in PRL ___ .~ o
- CDF: Update to 1.3 fb'! published result * ’ K*
: ) . PRL 101, 241801 (2008)
with 2.8 fb! for ICHEP'08 5 bo,20% | - Dua_
e Decay BY — J/v ¢ (spin-0 -> spin-1 + spin-1) 2 ooy B L
AT — non-Prompt Bkg

leads to 3 different angular 5300
momentum final states: 3 |
8200 ~2000 signal events

- L=0 (s-wave), L=2 (d-wave) -> CP even

- L=1 (p-wave) -> CP odd ‘°°W\

® Use decay angular distribution in SR8 RSB TR TR 5 b
transversity basis p = (cos 8, ¢, cos ) o *'
to disentangle RA3 * 2150
CP states 25°§‘ Ziger:]agls
200:— V
=> I 1501
glpa. I n Iy woé##:ﬂ# ++1‘+#+H++ ++++%$+++ ++ +Tﬁ#}+%”+%ﬁ+#n +++ g
even sof- T
0552853 533 534 536 538 54 é.#é(‘;/‘;s’.iﬁ(;eé\,,.]4e
-8-
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B."->J/Y @ Analysis

Results:
L — CP even
[
Measurement of lifetime and Al — CP odd
, PRL 101, 241801 (2008) | CDF Run Il Preliminary 2.8 fb"
£10°E =
- Do,28fs'  ° Data ol
2T " — Total Fit a
N10°F | Bsodive Total Signall| & [
(] B ! [ -
% - {% Mass 5.26-5.46 GeV —. cp_oyen i
S0 {; — CP-odd -
°T [ — Background .
O i i p—
O E -
1 ‘; I
: 3
- III::;:IIIII . L Lol -:||||-||| 4 L i |
1057 0 01 02 03 0% o 0.2 0 0 0 % Wy fom]

T.=1/F.=(1.52 + 0.06 + 0.01) ps | |T,=1/I ;=(1.53 + 0.04 + 0.01) ps
Al =(0.19 +0.07 £ 0.02) ps* | |AF_ =(0.02+0.05 + 0.01) ps-
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B."->J/Y @ Analysis

e With flavor tagging measure time dep. CP asym. => determ. B,

Analogy to measurement of CKM angle B in B?-> J/PpK°

> J/VYK{ B > J/¥¢ y
oY [_ Vtthb]
0 VCS cﬂi)
=> sin zs => sin szSM
VisVus, [~ ag L
:V V* : V Vb not to scale
cd "cb cs Te

Expect B, to be small in SM (|8;°M| = 0.02) - beyond current reach

=> Current interest: Search for enhanced CP violation through
new physics: 2837/%? = 23°M — I
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CP Violation in B°->J/Y @

Current status:
® CDF prelim. (2.8 fb-1) and DO published (2.8 fb1) results

e Expressed as confidence regions in B.-Al'  plane

CDF Run 11 rrenminary L=2381b" DQ ' F“pped ' PRL 101, 241801 (2008)
[ —~ SM prediction i —0.4r
0.6 — 95%CLL. | @ DO . 2.8 fb™ 90% CL
g - — 68%CL.L. i —0.3 ; ’
z - "B —Jyo
0.2
AM, [ 17.77 ps™
0.1

- SM

-0.1F
- I AT = Al'gy, % lcos(¢ ) w

PR T T I T T TN T S S NN S T SR N M P R T R R

02735 1 05 0 05 1 _ 15

2p =-¢_(radian)
s S

-1 0

m p-value(SM): 0.07 (~1.80) Use external constraints on strong phases
m B.in[0.28, 1.29] at 68% CL ® p-value(SM): 0.066 (~1.80)

Mild inconsistency with SM (but in same direction)
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CP Violation in B°-> 3/ @

ICHEPQS8: DO released data with no constraint for avg. with CDF

i HFAG HFAG
e L CDF 1.35fo '+ Dfl 2.810
. ; A 0.6 : . : . - .
& 04 - | [
c® 99.7% CL — 8—4 o4l
0.2+ . L
4 - —_ |
00 b (e e ] = 99.7% CL —
| > 0.2 :
0.2} ] 4 1 g
p-value = 0.085 : !
04 :w1'720 from SM / 0.0 oo e N
0675 1.0 05 0 0.5 3 1.0 15 I
PRL 101, 241801 (2008) ﬁg/w[rad} 0.2 %
A [ p-value = 0.031
— 06 CDF 1.85 b : - [ 2.26 from SM
) E i \\ T i _
By oaf =pPE Iﬁ;
e » 99.7% CL WE—— N
<1 - -1.0 -0.5 0 0.5 1.0 1.5
0.0 5;3]/1’b¢’ [rad]

/ B. in [0.14,0.73] or [0.83,1.42] at 90% CL
o s, Combined p-value(SM): 0.031 (~2.20)

PRL 100, 161802 (2008) 87¥[rad]

Manfred Paulini - CIPANP 2009, San Diego, May 29, 2009 -12 -



CP Violation in B°-> 3/ @

Expect more to come:
e Combination of both CDF & DO 2.8 fb-! results in progress
(TeV working group, unify uncertainties, combined fit)

e DO update with 5 fbl CDF Simulated Data, Assume [33:0.4
e CDF update with 4 fb-! _10F—se
N R St
=> Summer 2009 ? ol I 4o
8 0.8¢ / >°
o - 6
& |\
c 0.6
= I
2 |
@ 041
Z -
o 0.2
CDE expected sensitivity .
! - - ¢ . ! L ! |
0.0 5 10

Integrated Luminosity (fb™)
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Bottom Baryons

2, - =p - Qy
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Baryons with Up, Down, Strange and Bottom Quarks and Highest Spin (J =35)

Heavy B Baryons J=3/2 - Thee Bottom Quarks

Motivation:

Until 2006 AY = |bd u)
was only established B baryon
=> Search for Discversd

S, = [bdd)
= = |bds), Q) = |bss)

Two Bottom Quarks
not yet discovered

N
Discovered

One Bottom Quark
not all discovered

No Bottom Quark
all discovered

) @

Example: 2,

= 312 (Z,%)

P 4
2,:b{qq}, q=ud; JF=S,+s_
\
=1/2* (Z,)

H-atom: spin-spin interaction
= hyperfine splitting

-15 -
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N-Q 80__ e Data %‘so +
Bar On = - |— Total Fit =60
= g0~ Background| 240 i'Wj#m
w [ %20' ¢ Mé
Observed by CDF in 2007: 3402 e Of—rr—st—str—at0 j;.
Use two-track trigger to reconstruct % R + J{
E(*):I: AO + S ool [el + .......... ! +++++++l
b Ny T 5 [t tTy
_|_ — O
— Alm 0
80
— pK |
60_
Use large sample_ of ~3000 A,: 10
Observe peaks with >50 w.r.t. ;
no signal 20
9] SSS— I L T
Y e - 50 100 150 200
. Q ol AEi;: Mf‘“z Q = m(A%T) - m(Ag) - m,  (MeV/c?)
State  Yield (MeV/c?) (MeV /c?)
_ PRL 99, 202001 (2007)
S5 32787 Qs = 48513940 5807.8729 = 1.7
S, 59T Os- =559+ 1002 (58152 1.0 1.7
SpT 7T Ay = 21273070 5829.0F1-6117
SE- GOFIStIS 5836.4 = 2.0%13
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54 58

%)
&~ 2
0 12} - s
S: DQ, 1.3 b -
3 10¢ =
:  Data 8
.'\(ﬂ 4 N N:152144+19_04 g
= 4f + 3
: 2 il

0_ poe ool 1le gl 1L

PRL 99, 052001 (2007)

Both experiments see significant =

6.2 6.6 7.0
M(Z,) (GeV/c?)

O 4O N W B2 OO0 O =~ @

PRL 99, 052002 (2007)

L~1.9fb™

e CDF: m(Z,) = (5792.9 £ 2.5 * 1.7) MeV/c?
e DO: m(Z,) = (5774 = 11 % 15) MeV/c?

e World avg: M(Z,) = 5792.4 * 3.0 MeV/c?

e DO: Lifetime
consistent
with
expectations

— b b

thmomh

Events/(0.025 cm)
O

3 D, 1.3 fb"

¢ Data signal
---- Data sideband
— MC signal + data bkgd

| |
' a L -T- Lt I -T-
o 1 02 03 04 05
Proper decay length (cm)
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3 yield=17.5+4.3 3
3 M=(5,792.9+2.5)MeV/c” ]
3 N=175%43 3
=54 56 58 60 62 o7

(J/ YE) [GeV/c?)

=, signals (DO: 5.50, CDF: 7.70)

E, Mass

; Theory

“

7 prediction
DO *
PRL99, 052001 (2007) [[MJenkins

PRD54,4515
CDF % i
PRL99, 052002 (2007)
| | |
5.74 5.76 5.78 58 5.82

5.84

m(Z;) [GeV/c?]
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e Observation by DO in Aug'08 with 1.3 fb-1data
(Builds on previous observation of =,)
e Observe 17.8 4.9 £ 0.8 events
e Report signal significance: 5.4o0
e M(Q,) = (6165 £ 10 * 13) MeV/c?
(expect 5.94-6.12 GeV/c?)
° ACE %?B(?é ~J/ ”09) =0.80+0.32"02
Jb - =,)B(=, -J/Yy=") ' PRL 99, 052001 (2007)

‘_q: 20'% 1 gE(®) DO 1 wrong-sign
S | - - 1.31b" /
> [91.3 b o D&
O L e Data | ¢
= u S F
,c L o - | . L | PR | .
o i T Flt O g Q" sidebands
=t S o
w 10— e °r
t [ 3
c o
ot § 2t ] L
5 + + + + + + H w g[(d) A sidebands
i 6
| Z — P P a4k
l+ 1 +l l+ 1 Hl 1 lH H’T 2;
56 58 6 62 64 66 68 7 ¢ -

O N 58 6 62 64 66 68 7
M(Q,) (GeV/c?) Mass (GeV)
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e Comprehensive reconstruction of bottom baryons into J/yw
A) = J/p Ay A—pr; T/ — ptp
2y, — J/YET; BT — AnT
Qp = J/YvQ7; Q7 — AK™
e Measurement of B? properties provides cross check:
B - g/ K* & B — J/¢ K}
® Observe structure of 16 signal events in J/ Q with 5.50 signif.

CDF, 4.2 fb™'

~ 5 r
NO O 8 - .
L s > :Q sidebands
2 25 —
= 2 ~ (1358 6 MW 66”_|_| 58 7
© 15| [ s M(J /YAKT), ct > 100 wm
~ S L f : b
o I 5 *| wrong-sign (b)
& 05 ig 2 |
O ——1l | 11— —1Ht 1
O 955 5?9 6 6.1 6.2 63 64 65 6.6 6ﬁ7 68 S 053 | s” | ‘e@n‘ els].4” : 5.6 '618‘” 7
_ . GeV/c?
M(J/¥Q7), ct > 100 ,u,mGeV/C M(J/YAK), et > 100 wie”
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Ew

® Masses from fit
to sample with
ct > 100 pm

e |ifetime from

yield in bins of ct
(no need to model .|

background)

> W O N O
o 0 0 0O 9O 9O 9
S © 6 O 6 o o

Candidates/cm

500 |
400 |

0.02 0.04 0.06 0.08 0.1
0 —>J/90 cm

arXiv:0905.3123 [hep-ex]

® sooo | P 10 | (a)
= 1000 ; 8 *
% o,k 6 | §
5 oo cemhe ”M%MM
£ - M(J/YE)
b 3-% : ” (b)
oo el
5.5 5.55 5.6 M(j;ip/\) S. SCFéV/CSZ,S M(J/¢Q') Ge\//cz
Resonance Yield ct [pm] [ Mass [MeV/ 02]
BY(J /vy K*9)[17250 4+ 305 453 £ 6 | 5279.2 £ 0.2
BY(J/v¢ K2) | 9424 167 448 £ 7 @ 5280.2 1 0.2
AP 1934 +93 472+ 17| 5620.3 + 0.5
=y 667 5% 468132 | 5790.9 + 2.6
Q; 1675 3407150 | 6054.4 + 6.8
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NEW

e CDF observes Q, Baryon

e Relative rate measurement (assume klnematlcs identical to A))
O0B(=Z, - JIY=") _
aB(N, - J /W)
OB(Q, - J/YQ7) _
aB(N, - J/PN)

=0.167"00 (stat.) +0.012(syst.)

=0.045"7 1] (stat.) £ 0.004(syst.)

e Summary of mass measurement
m(Z, ) = (5790.9 & 2.6 £+ 0.9) MeV/c
m (€2, ) = (6054.4 = 6.8 &= 0.9) MeV/C

e Summary of lifetime measurement %
(25 ) = (1.5619:31 4+ 0.02) ps <-- First fully rec.
7(Qp) = (1.1370%90 £ 0.02) ps <-- First !
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Measured and Predicted Masses
Qb Baryo n for the Z, aond Q,

S Jenkins (PRD 77,034012(2008))

Comparison with DO result: 2 Koo L G . 420308
e DO: m(Q,) = (6165 £ 10 * 13) MeV/c?

=> Am = (111 * 12 * 14) MeV/c?
Significant disagreement ! .

-'3i:3.I|IIIIIlI|III|III|
57 572 574 576 578 5.8 582 584 586 588 5.9

— - CDF
b 00 = PRL 99, 052001

Qb— —m— CDF

DO — PRL 101, 232002 Slaugs
7

.I';ellll|III|III|III|III|III|III|

Rate measurements: 6 6.02 604 606 6.08 6.1 6.12 6.14 6.16 B6.1B 6.2
Gev/c?
DO:; LB =P =TI ) 80032003
f(b ~Z)BE, - JIYE)
CDF: P& = JIUR) _( 2740.12+0.01
In agreement ?
Manfred Paulini - CIPANP 2009, San Diego, May 29, 2009
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Conclusions

e Tevatron offers rich heavy flavour program
e Many result from B, mesons and bottom baryons:

- CP violation in B -> J/Y @ remains interesting
- Heavy baryons 2., =, established

- Discovery of Q, => Discrepancy between CDF & DO

e Tevatron accumulates more data until end of Run Il
=> Expect more results
from CDF & DO

4
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